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Introduction
• Everyone should have a video display to 

follow the on-line presentation …

• and a computer to run simulations

• Primary focus will be on running examples 
through the GUI for novice users …

• and a review of select scripted cases for 
more advanced users

• Many of the examples are designed to 
show the effect of various model settings

• In addition, several different real-world 
examples will be reviewed

• Start with single-particle trajectories and 
then expand to multi-particle dispersion



1.1 Windows PC HYSPLIT Install

§ Install Tutorial
§ Copy or unzip file to c:\Tutorial, also contains meteorological data & examples

§ Install HYSPLIT the first time on a clean PC
§ Install utilities (Tcl/Tk, Ghostscript, Ghostview, ImageMagick)
§ Download and run HYSPLIT_win64{R|U}_v5.0.0_rev????.exe

§ Install on a PC with an older version already installed
§ Existing utility programs can be used with any version
§ Rename the old HYSPLIT directory (e.g. c:\hysplit_old)
§ Install new HYSPLIT
§ Renaming forces new code to reconfigure directories (default_exec)

§ Hints
§ Create desktop shortcut to notepad
§ Show extensions for know file types



Utility Example: Installing ActiveState Tcl/Tk
• Go to: www.tcl.tk
• Get Tcl/Tk
• Binary Distributions
• ActiveTcl
• Create a free account to get ActiveTcl (must create a free account)

• Featured projects & languages
• ActiveTcl 8.6 – Windows
• View all downloads
• Windows
• Download windows installer:  Download.exe
• Downloads:  ActiveTcl-8.6.9.8609.2-MSWin32-x64-5ccbd9ae8.exe

• Then, install, as instructed …



1.2 Apple MAC OSX HYSPLIT Install
§ Install Tutorial

§ Copy or unzip file to ${HOME}/Tutorial

§ Install HYSPLIT the first time on a clean MAC
§ Install utilities (Tcl/Tk, ImageMagick)
§ Open the downloaded hysplit_v5.0.0.dmg
§ Run the Install_hysplit.app
§ This will copy the hysplit directory to your $HOME directory 

(/Users/account/hysplit) and place the hysplit.app on your desktop
§ To allow apps downloaded from anywhere: sudo spctl --master-disable
§ You may need to customize default_exec: 

§ #Xwindows_dir: /opt/X11/bin
§ #Image_Magick_pgm: /opt/local/bin/convert

§ Install on a MAC with an older version already installed
§ Existing utility programs can be used with any version
§ Rename the old HYSPLIT directory (e.g. ${HOME}/hysplit_old)
§ Run the Install_hysplit.app



1.3 UNIX – LINUX HYSPLIT Install
• Install Tutorial

• Copy  or unzip file to ${HOME}/Tutorial

• Install HYSPLIT the first time on a clean computer
• Install utilities (Tcl/Tk, Ghostscript, ImageMagick) 
• for commands:  wish, gs, convert (check /usr/bin versus /usr/local/bin)
• Install HYSPLIT from repository (follow emailed instructions)
• https://svn.arl.noaa.gov:8443/svn/hysplit/tags/hysplit.vX.Y.Z
• Edit Makefile.inc and follow compilation instructions
• Create desktop icon: see /tutorial/bash/icon2desk.sh

• Install on a computer with an older version installed
• Follow SVN update instructions  (see script /hysplit/update.sh)



1.4 HYSPLIT Directories

§ data2arl: convert data to HYSPLIT format
§ Source code for MM5, WRFARW, ECMWF

§ datem: data archive of tracer experiments and 
meteorology

§ Data for all CAPTEX releases plus many other experiments
§ https://www.arl.noaa.gov/research/dispersion/datem/

§ exec: contains compiled executables
§ document: detailed model description ARL-224.pdf
§ graphics: map background files
§ guicode: graphical user interface
§ html: GUI context sensitive help files
§ python: installation scripts for new display programs 
§ working: default location for model input and output

§ To launch HYSPLIT GUI from working: ..\guicode\hysplit.tcl



2.1 Graphical User Interface



2.2 Test Trajectory Calculation



2.3 Test Air Concentration Calculation



2.4 Batch File Scripting
§ Run for the first time

§ C:\Tutorial\batch\test_conc_bat

§ Review results
§ cd \hysplit\working
§ dir

§ Edit and rerun
§ notepad CONTROL
§ ..\exec\hycs_std
§ ..\exec\concplot –icdump
§ concplot.ps



2.5 Using CAPTEX Data



3.1 HYSPLIT Meteorological Data
§ A file contains data for one or more time periods

§ Each time period consists of two types of fixed-length records 
(for direct access): header and data

§ The header record contains information about the grids and variables
§ The data records are one per variable and level

§ Each data record contains
§ 50 bytes ASCII with time and level data 
§ Followed by Number-X times Number-Y bytes of packed data

§ Because of a mix of ASCII and binary data on each record 
never let the FTP client automatically decide on the mode

§ It should always be manually set to image or binary!

§ Various HYSPLIT compatible data are provided for the tutorial
§ If accessed on-line, there are links to download the data files



3.2 FTP Meteorological Data
or MAC=CMD+K

ARL for archives and forecasts
NCEP for forecasts



3.3 Convert Meteorological Data
§ HYSPLIT requires meteorological data on an evenly spaced grid 

(latitude-longitude or conformal projection) at multiple heights and 
time periods over the duration of the simulation.

§ The conversion process is complicated, it is best to use already 
formatted data if available!

§ Conversion programs for multiple raw data formats are provided 
(in the data2arl directory):

§ NetCDF arw2arl, cdf2arl, mer2arl
§ GRIB-1 era52arl, grib2arl
§ GRIB2 api2arl
§ MM5 mm5v3

§ Although most data are well-documented (e.g. GRIB)
§ Variables and order within each file may vary
§ Temporal resolution and vertical coordinate system may differ
§ Perhaps even for the same model!

§ Some customization may be required!



3.4 Meteorological Data Servers

• ARL ftp://arlftp.arlhq.noaa.gov/pub/
• NCEP https://nomads.ncep.noaa.gov/pub/data/nccf/com/hysplit/prod/
• University of Alaska ftp://gdas-server.iarc.uaf.edu/gdas1/
• Spain http://www.hysplit.uhu.es/

ftp://arlftp.arlhq.noaa.gov/pub/
https://nomads.ncep.noaa.gov/pub/data/nccf/com/hysplit/prod/
ftp://gdas-server.iarc.uaf.edu/gdas1/
http://www.hysplit.uhu.es/


3.5 User Entered Meteorological Data

§ Program = STN2ARL
§ Same direction and speed for all 

levels and locations
§ Standard atmosphere 

temperature profile
§ Turbulence defined within mixed 

layer
§ Program = SND2ARL

§ Define sounding at one location
§ Not available through the GUI



4.1 The Trajectory Calculation
83 09 25 17 start time
39.90 -84.22 10.0 start location
68 run duration
tdump output file
c:/Tutorial/captex/ meteo directory*

captex2_wrf27uw.bin meteo file

Example of how a single 
trajectory is insufficient to 
explain the large- scale tracer 
distribution seen in the 
earlier CAPTEX data 
animation.

*Change default location



4.2 The Trajectory Equation
§ P'(t+Δt) = P(t) + V(P,t) Δt

§ P(t+Δt) = P(t) + 0.5 [ V(P,t) + 
V(P',t+Δt) ] Δt

§ Δt (min) < 0.75 / Umax

§ Horizontal in native input grid units

§ Vertical coordinates transformed to 

§ σ = (Ztop - Zmsl) / (Ztop – Zgl)

§ Ztop defaults to 25,000 m



4.3 Estimating Mixed Layer Depths
Review Problem #2 of Exercise #3

MSL Pres Temp Dewp Wdir Wspd Theta

m hPa K K deg m/s K

298 991 294.1 276.7 200 3.1 294.9

371 983 291.4 274.4 292.8

556 213 6.2

864 223 5.7

1172 229 5.7

1419 868 282.6 269.8 294.3

1477 224 5.1

1592 850 281.4 265.8 294.8

1739 835 281.9 296.8

1770 216 5.7

2072 802 281.4 222 6.7 299.7

2361 230 7.7

2622 750 277.7 268.7 301.5

2654 747 276.9 270.4 240 8.2 300.1

PBLH = 1222 m + 320 m = 1542 m MSL
Sounding PBL ~ 850 hPA, 1592 m, 295 K



4.4 Mixed Layer Trajectories



4.5 Computational Trajectory Error
600 m AGL 10 m AGL



Computational Trajectory Error
Terrain Effects

The backward trajectory at ground level does not know when the forward 
trajectory first intersected the ground due to downward motion.



4.6 Meteorology Trajectory Error

§ Trajectory = integration of 
position vector in velocity 
field

§ Velocity field continuous in 
space and time

§ Meteorological input data are 
discreet in space and time

§ Discreet data are one of the 
primary sources of error!

§ NARR and WRF shown in 
example



4.7 Absolute Trajectory Error

A backward trajectory from point of the maximum measured 
concentration should pass over the release location.



5.1 Trajectory Vertical Motion

§ Wη = (-∂η/∂t - u ∂η/∂x                                          
- v ∂η/∂y) / (∂η/∂z)

§ Options
§ Model data field (default)
§ Isobaric
§ Isentropic
§ Constant density
§ None (iso-sigma)
§ Divergence (default if data=none)

§ W affected by …
§ spatial resolution
§ temporal resolution (aliasing errors)



Spatial and Temporal Resolution

Large cell average velocity fields may 
not represent the true internal 
structure.  For instance, clouds and rain 
may be a sub-grid scale feature.

Too infrequent snapshots of the velocity 
field may not capture the finer time interval 
changes when intermediate values are 
interpolated between model output times.



5.2 Trajectory Flow Field

The flow field is not well defined at the backward starting location.



5.3 Trajectories and Terrain
§ Trajectories that intersect the 

ground continue

§ Trajectories that intersect the 
model top terminate

§ The red forward trajectory 
rises with terrain

§ The blue backward trajectory 
continues at the mountain top 
level

§ Trajectories are fully-
reversible except for those 
that intersect the ground



Trajectories and Terrain
Imperfect Options

§ Start trajectory at T from a height above model terrain 
corresponding to height of actual ground level above model 
terrain.

§ Start trajectory at B from a height above the actual ground 
equal to a height above model terrain (M) so that it can be 
affected by PBL processes!



5.4 Multiple Trajectories in Time

The surface tracer concentration distribution could be explained in large part by 
the changing wind directions with height and time within the mixed layer.



5.5 Multiple Trajectories in Space

The trajectory matrix configuration shown in 
this section is a quick way to visualize the 
flow regime by creating many simultaneous 
trajectories.



5.6 Meteorological Grid Ensemble

§ Potential errors are large for a 
single trajectory due to errors 
representing a continuous field 
at discreet points (try the 
backward case) 

§ Use multiple trajectories in time 
or space to reduce uncertainty



6.1 Frequency Analysis

Only one count per trajectory
Fi,j = 100 Σ Ti,j / N
Σ Ti,j ≤ 1.0
N = number of trajectories

Count with Residence time
Fi,j = 100 Σ Ti,j / N P
Σ Ti,j ≤ P
P = number of points per trajectory



6.2 & 6.3 Cluster Analysis

Spatial Variance
SVi,j = Σk (Pj,k – Mi,k)2

Cluster Spatial  Variance
CSVi = Σj SVi,j Total Spatial Variance

TSV = Σi CSVj,kP = individual trajectory
M = cluster mean trajectory



6.4 Source Geolocation

§ Run backward trajectories from 
various locations corresponding 
with high measured values

§ By superimposing these 
trajectories it may be possible to 
determine the source location

§ For a more accurate geo-location, 
it is necessary to sample a variety 
of different flow orientations



6.6 Working Directory Cleanup

Original 
Working After Cleanup

Original = 603

After HYSPLIT GUI restart
Replace default_exec?



7.1 Reconfiguring the Test Case

If one particle (mass = 1/2500) were contained in a grid cell of volume 5x5x1 
km (2.5E+10 m3), then the air concentration would be about 1E-14 units m-3, a 
number comparable to the lower end of the range shown in the calculations



7.2 Air Concentration Equations
§ Define Turbulence

§ U(t) = U'(t) + Ubar
§ U'(t) = U(t) – Ubar

§ σu = (1/n Σ U'(t)2 )0.5

§ Turbulent displacement added to mean trajectory
§ P(t+Δt)final = P(t+Δt)mean + U'(t+Δt) Δt

§ Turbulent velocity depends upon previous value
§ U'(t+Δt) = R(Δt) U'(t) + U" ( 1-R(Δt)2)0.5

§ R(Δt) = exp ( -Δt / TL)

§ Computer generated Gaussian random number: λ
§ U" = σu λ

§ Turbulence statistic (assume σu = σv )
§ From observations:  tan σθ = σv / u

§ From model derived stability (Equations Section 9.3)



Air Concentration Equations
(sum particle trajectories to a grid)

§ 3D Particle Model 

§ Δc = m (Δx Δy Δz)-1 

§ Puff particle distribution

§ dσh/dt = σu

§ Top-Hat Puff (r = 1.5 σ)

§ Δc = m (π r2 Δz)-1 

§ Gaussian Puff (3 σ)

§ Δc = m (2 π σh
2Δz)-1 exp(-0.5 x2/σh

2)



7.3 & 7.4 Single Particle Trajectory

0 – 5000 m layer 0 – 500 m layer



7.5 Releasing Multiple Particles

100 1000 10000

• Simulations with various particle number release rates show that more particles 
are required for more realistic and detailed simulations (finer resolution grids)

• Realism comes with the cost of increased computational time 
• This may become especially significant for continuous releases



7.6 Display Particle Positions

The center-of-mass trajectory 
requires the installation of Python



7.7 Particle Distributions using Puffs

Top-Hat

Gaussian

100 Gaussian

Modeling the distribution requires fewer computational particles



7.8 Downwind Puff Splitting
§ Improves the representativeness of 

modelled flow over a single puff

§ Results in an ever-increasing 
number of puffs

§ When NPUFF>0.5*MAXPAR, puff 
splitting is turned off

§ When NPUFF>MAXPAR, emissions 
(emit new puffs) are turned off

§ If this occurs, air concentrations may 
be under-predicted

§ Address by increasing the value 
of MAXPAR



Particles versus Puffs

§ 3D particles provide better representation of a complex 
atmosphere

§ The relation between particle number and grid size must be 
considered

§ For puffs, splitting may become an issue

§ If puff number exceeds maximum, emissions are shutdown

§ The HYSPLIT default is the 3D particle mode

§ Requires user to define the particle number requirements 
rather than relying upon puff-splitting to smooth the distribution



Exercise #7

• A finer concentration grid requires more particles …

• Or fewer particles could utilize a coarser grid

• Particle number versus grid size sensitivity can be evaluated 
using the maximum concentration

• Minimum concentrations are also affected because the lower 
limit is the mass of one particle divided by the grid cell size

• This may be important if detection thresholds are a 
consideration in the model results



8.1 Configure for CAPTEX Release #2
§ Total mass  / number of particles released = mass per 

particle 

§ Particle mass contributing to a grid cell is summed 
over the “sampling” period 

§ A particle is a computational particle, it may represent 
a gas or particle 

§ One computational particle represents many billions 
of pollutant molecules (Avogadro’s # 6x1023)

§ Mass of input units = output units: g/h → g/m3 

§ Units only matter when doing mass conversions



8.2 Air Concentration Display Options
§ Air concentration

§ concplot – map optimization and interpolation
§ Particle position display

§ parxplot – cross-sections
§ parhplot – horizontal plane projection
§ parvplot – vertical meridional and longitudinal

§ Time-of-arrival
§ isochron – arrival times at grid cell locations

§ Grid point values
§ gridplot – values at grid points (no interpolation)

§ Polar-coordinate grid
§ poleplot – requires special radius and distance grid



8.3 Air Concentration Utilities

§ conread
§ Simple listing of 

concentration file 
contents

§ con2asc
§ Import output to GIS

§ con2stn
§ Time series at location
§ Input file of locations
§ Enter single point (X11?)

§ timeplot
§ Used to display con2stn



8.4 Air Concentration Statistics
https://www.arl.noaa.gov/research/dispersion/datem/



8.5 Test and Optimize Input Files

§ Runs HYSPTEST, which is a simplified version of HYSPLIT 
§ Reads various input files and determines if user options are correct 
§ The program releases, transports, and disperses particles in the same 

manner as a regular simulation, except only one particle is processed
§ If needed, modifications to CONTROL and SETUP.CFG are suggested



8.6 Simultaneous Multiple Grids
0.25 deg 0.05 deg

§ For multiple meteorology grids, computations use only one grid per time step
§ For multiple concentration grids, particles contribute mass to all grids
§ Finer grids need more particles; shorter run duration requires fewer particles



Exercise #8
• Requires too much time to do 

both examples

• Show results from problem #1
• Finer concentration grid does 

not mean better results

• Run problem #2, if sufficient 
time is available to complete

• Finer meteorology grid does 
improve simulation!

• Preconfigured script available



9.1 Case Study Base Configuration

Configure the HYSPLIT simulation 
to output air concentrations 
corresponding with one of the 
sampling aircraft passes.



9.2 Base Configuration Optimization
AGL or MSL

§ Finer concentration grid at aircraft sampling level defined in m MSL
§ Use horizontal Gaussian particle model for smoother looking results
§ Reduced averaging time to more closely match 6 min aircraft collection
§ What happens to the tracer release height when units equals MSL?



9.3 Turbulence Parameterizations
§ Determines how the meteorological 

data are processed to compute the 
horizontal and vertical turbulence

§ The results shown here provide 
some rationale for the the default 
turbulence settings

§ Turbulence options are intended to 
provide some flexibility when using 
different input meteorological data

§ One use shown later is in the 
development of a physics ensemble

§ Most similar, but Hanna variable TL
shows the greatest differences



9.4 Stability Computation Method

Heat and Momentum Fluxes Wind and Temperature Profile



9.5 Mixed Layer Depth Calculation

Force to 5000 m Force to 1250 m

When the PBL is from WRF, T(z), Ri, or fixed at 5000 m, the results are very similar.  
The air concentration prediction is affected by the mixed layer depth only in situations 
when the particles interact with this mixing boundary (the forced 1250 m case).



9.6 Turbulent Kinetic Energy

§ Defines mixing directly
§ E = 0.5 (u’2 + v’2 + w’2)
§ Stability not required

§ Need anisotropy factor:
§ w’2 / (u’2 + v’2)
§ Default = 0.18

§ Why force a value?



9.7 Dispersion Computation Method

Mass consistent mixing
IDSP=2

Best for inverse modeling?

Mass-coupled time averaged winds
wvert=.true.



Exercise #9

• Compare first aircraft pass 
results with second pass

• Determine model 
concentration profile at 
location of measured peak



10.1 Display Scripting



10.2 County Map Boundaries
§ Requires: shapefiles.txt

§ File name, line spacing, 
thickness, RGB

§ '/Tutorial/maps/roads.shp’                                 
0 0.005 0.8 0.7 0.5

§ '/Tutorial/maps/county.shp’              
0 0.010 0.4 0.6 0.8

§ '/Tutorial/maps/states.shp’              
0 0.015 0.2 0.2 0.5

§ Edit for UNIX: ~/Tutorial/…



10.3 Enhanced Graphic Labels
§ Panel label requires: 

MAPTEXT.CFG
§ Not all lines transferred to 

the graphic
§ Displayed lines depend 

upon the graphic type

§ Border label: requires 
LABELS.CFG



10.4 Creating KML/KMZ for GE

§ The display radio-button creates a "KMZ" file which is just a 
zip file containing the contours in HYSPLIT_ps.kml and 
various logos and labels

§ The HYSPLIT GUI cannot open Google Earth internally as 
an application

§ Go to the \working directory and open the "KMZ" file

§ If the "KMZ" file has not been created, the uncompressed 
"KML" file should still be available for display



10.5 Creating HYSPLIT Shapefiles

§ The plotting program requires an option to create an output 
file in ESRI generate format (most use either -a or -g) 

§ GNU utility programs are used to convert the generate 
format file to a points, line, or polygon shapefile

§ Four output files will be created (*.shp, *.shx, *.dbf, *.prj)

10.6 Shapefile Overlays
§ Those shapefiles can then be displayed in any HYSPLIT 

plotting program as an additional map background file 
(shapefiles.txt)



10.7 Python Display Options

§ Need a Python emulator, 
e.g. Anaconda

§ Available for trajplot, 
concplot, and toaplot –
uses the same command 
line options

§ Multiple output formats 
available: pdf, png, …

§ Simple, city, or terrain 
map backgrounds



11.1 Linear Mass Conversions

Day/Time Base POL1 POL2
25/18-21 48000 39000 8300
25/21-00 36000 24000 12000
26/00-03 18000 9300 8200
26/03-06 6400 2200 4300
26/06-09 9000 2300 6700
26/09-12 6500 1300 5200
26/12-15 2600 380 2200
26/15-18 1600 170 1400

Maximum concentrations for no conversion (base) and 
10% per hour from pollutant #1 to pollutant #2

The conversion option is not intended to replace the need for non-linear chemical models, 
but to provide some guidance as to the potential effect of first-order transformations.

ICHEM=2 automatically sets MAXDIM=2 to put new mass on different particles.
Total mass is the same as the no transformation simulation.



11.2 Dry Deposition of Gases

§ Vd = Ddry / C

§ βdry = Vd ΔZsfc
-1

§ Dtotal = m {1-exp[-Δt (βdry + βwet + β... )]}

§ In the example calculation, Vd =  0.01 m/s

After 25 h, 14% of the mass is lost to deposition, 
and the maximum concentration decreased by 20%



11.3 Dry Deposition of Particles
Vg = dp2 g (ρg - ρ) (18 μ)-1

Day/Time Base Gas Part Prob
25/18-21 48000 41000 52000 51000
25/21-00 36000 20000 37000 39000
26/00-03 18000 2900 14000 14000
26/03-06 6400 3600 13000 13000
26/06-09 9000 4100 8500 9200
26/09-12 6500 2100 3200 3600
26/12-15 2600 1600 3200 2700
26/15-18 1600 1300 1900 1800

The removal rate (Vd=Vg) is the same as for a gas, but the particles also 
gravitationally settle.  After 25 h, 30% of the mass is lost to deposition, but the 
maximum concentration is higher than the no-deposition base simulation.



11.4 Wet Deposition for Gases

§ Vgas = H R T P

§ βgas = Vgas ΔZ -1

§ In the example calculation 
for molecular iodine (H=3.0), 
only 0.005% of the mass is 
lost to wet deposition



11.5 Wet Deposition for Particles

§ βwet = 8x10-5 P0.79

§ The default scavenging 
coefficient (8x10-5), applied 
both below- and within-cloud

§ Example mass removed 1 kg

§ Deposition 10,000 greater 
than gaseous wet deposition

§ 200 kg evenly deposited over 
the earth = 400 pg/m2



12.1 Meteorological Grid Ensemble

§ Shows how results are sensitive to the meteorology data grid

§ Similar to the trajectory ensemble, but results are output to 27 
concentration files with suffixes 001 through 027

§ Post-processing step sorts member results for each grid point and 
creates probability, mean, and variance output files

§ Large range at early and later times due to many members having 
zero values



12.2 Turbulence and 12.3 Physics Ensembles

§ Turbulence ensemble uses a random seed and reduced particle 
number (1/27) to estimate uncertainty; alternate approach krand=4

§ Physics ensemble reruns the simulation 15 times, each with 
different turbulence and stability parameterizations

§ In both cases, the uncertainty less than grid ensemble



12.4 Multiple Meteorology Ensemble
§ Five output files: capex2_{...}

1. wrf27uw.bin
2. era40.bin
3. narr.bin
4. wrf27.bin
5. wrf09.bin

§ Results show much tighter 
distribution than previous 
ensembles!

§ Not sufficiently independent
because 3 of 5 members 
used WRF for the calculation



12.5 Ensemble Verification

§ WRF performance better than NARR or ERA

§ Ensemble mean (006) similar to the best model (004)

§ Suggests care required in selecting ensemble members



12.6 Ensemble Reduction Techniques

§ All member combinations are 
compared with measurements 
to find the one with the the 
minimum RMSE:  #2 = (1 + 5)

§ Objective is to eliminate 
members that are not much 
different from each other, to 
reduce ensemble mean bias

§ In forecast applications: update each analysis cycle with new data and 
use the best ensemble for the next forecast

§ Without data: reduction techniques can also be used to compare 
members to reduce redundancy



Exercise #12
Problem #3

• OpenMP – GEM code only

• MPI – Special LINUX 
compilation (MPICH library)

• Multiple serial executions –
all systems 

• Multiple executions from a 
single directory



13.1 Counting Particle Trajectories
§ Each particle has mass of 1.0

§ Particle intersections sum on the 
concentration grid

§ Results are not divided by the grid 
cell volume

§ Output files are manipulated with 
the concentration utilities

§ Results are related to the trajectory frequency plot with residence time on
§ However, unlike the mean wind only trajectories, includes stability effects
§ Particle count results should be similar to the center-of-mass trajectories



13.2 Emissions from a Known Location
§ For CAPTEX: emissions in g/h, measurements in pg/m3

§ The measured concentration (M) represents the product 
of the atmospheric dilution (D) from the source to the 
receptor and the emission rate (Q):

M [g/m3] = D [h/m3] Q [g/h]

§ If the emission rate is unknown but the location is known, 
and the calculation uses a unit emission rate, then the 
model computes the dilution factor, re-arrange the 
equation, and adjust for units:

Q [g/h] = M [pg/m3] / ( D [hr/m3] * 1E+12 [pg/g])



13.3 Backward vs Forward Dispersion
§ If multiple receptor stations exist, the “upwind” plumes can be 

used to triangulate a source region 

§ The emission can be estimated, if the dispersion from the 
receptor to source is assumed to be the same as from source 
to receptor 

§ There is additional uncertainty in these calculation

§ In this example the dispersion rates differ by a factor of 3

§ The primary reason is because dispersion is always 
calculated “forward” regardless of the direction of the 
advection and turbulence has memory because

U'(t+Δt) = R(Δt) U'(t) + ...



13.4 Simulations from Multiple Samplers
§ Backward calculations automatically configured in pre-processor step from 

sampling data file in DATEM format 

§ In this CAPTEX example, the multiple simulations shown are not ideal for 
triangulation because of near constant wind direction 

§ In the “numerator” case the backward calculation emission rate is equal to 
the measured value giving more weight to the source regions contributing to 
the highest measurements 

§ For the inverse case, the calculation emission rate is set to the inverse of 
the measurement (1/M) 

§ From before, M=DQ, the model computes C=DQ 
§ If Q is set to 1/M, the the model computes D/M
§ Then the model output is the same as 1/Q

§ As the dilution increases (<<D), the emission rate must increase to maintain 
the same measurement, hence other engineering information can be used 
to estimated the maximum emission rate possible and hence the contour the 
limits the emission regions



13.5 Source-Receptor Matrix

§ Set a switch (ichem=1) so that each source location has its own 
concentration grid; Multiple sources run simultaneously

§ Model output results are treated as a matrix
§ Each row  represents a source, a concentration grid cell per column
§ Each column is a grid cell, the row  shows the concentration contribution from 

each source to that location

§ Post-processing output options are standard concentration 
maps for a source or source-location maps for each receptor



13.6 Source Location Statistics

§ Application uses the matrix 
source results to find which 
location gives the best fit with 
the measured data

§ Any one of 6 statistical 
metrics can be chosen to 
determine the best fit



13.7 Solving the Coefficient Matrix
A Matrix can be defined in space, time, or both

15 16 17 18 19 20 21 22 23



Solving the Coefficient Matrix

§ Assume that the concentration at receptor R is 
the linear sum of all the contributing sources S 
times the dilution factor D between S and R: 

Dij Si = Rj

Si = (Dij)-1 Rj

§ Example shows hourly sources (15-23 UTC) 
§ Measurements at 19 locations (last column)  



Solving the Coefficient Matrix
Actual Data Hypothetical Data

§ Difficult to obtain solution due to model errors 

§ If square matrix, can use Excel to solve

§ Correct answer should be: 6.7E+04



13.8 Cost Function Minimization
Cost Function Solution Hypothetical Data

§ Alternate approach is cost function minimization

§ Accounts for model and measurement errors

§ The larger the errors, smaller departure from first-guess



14.1 Fire Smoke
§ Employ USFS tools to 

determine the emission rate:
§ Blue Sky modeling framework
§ Fire Emission Product Simulator
§ VSMOKE-HYSPLIT interface

§ Example uses NOAA’s 
implementation of Blue Sky

§ Assumes maximum rate from 
prescribed burn as the rate 
from a continuous wildfire



14.2 Dust Storms: Simplified Algorithm
§ Vertical dust flux (Q in g) as 

a fraction of the horizontal 
transport:

§ Q = Kρg-1U*(U*
2-U*t

2) A 
§ Q = 0.01U*

4A   (simplified)

§ Threshold fixed at 28 cm/s 

§ Over U.S. dust emission 
algorithm needs ½ deg data 

§ Define 3-point domain 

§ Run pre-processor step to 
define desert land-use cells



14.3 Revised Dust Algorithm

§ Soil-dust density (K) and 
emission area (A) are from 
satellite AOD climatology 

§ Q = K A (U*-U*
t) 

§ Last two columns in CONTROL 
are U*

t and K A 

§ Pre-processor not required

§ Monthly emission files are 
provided in the dust directory



14.4 Adjusting Emission Factors

§ Dust modeling requires some assimilative techniques
§ Emission climatology may not represent current conditions:

§ Recent rain – causes crusting and higher thresholds  
§ Seasonal rain – lack of or excessive vegetation
§ Previous dust storms – lack of erodible material
§ Previous flooding events – excessive erodible material

§ Analyze climatology files to find maximum emission factors
§ Adjust threshold velocities as needed to trigger emissions



15.1 Radioactive Decay and Dose
§ The mass on a particle is reduced using the time constant 

approach: 
§ m2 = m1 exp(-βrad Δt). 

§ The decay constant is defined by the half-life (T½):  
§ βrad = ln 2 / T½ 

§ Doses (either Sv or REM) are computed from published 
conversion factors, a constant for each radionuclide 

§ Airborne: (REM/h) / (Bq/m3). 
§ Deposited: (REM/h) / (Bq/m2)  

§ There are limitations to this simple approach 
§ Decay does not start until the particle is emitted 
§ For continuous emissions, the rate must be decay corrected 
§ Concentration and deposition are decayed during the calculation, 

but not once written to the output file



15.2 Long-Range I131 from Fukushima
2.5 deg – 6 h 0.5 deg – 3 h

§ Assume that most of the I-131 emissions occurred during the venting and 
explosion at Unit #2 for 24 h from 1200 UTC on March 14th 2011

§ The total I-131 emitted has been reported to be about 150 PBq, which 
converts to an hourly rate of about 5 PBq



15.3 Dose Calculations from Fukushima

§ Configure the model for two surrogate species 
§ Non-depositing noble gas (NGAS) 
§ Depositing small particle (RNUC) 

§ Assign both to the same computational particle 
§ Run the dispersion/deposition for a continuous emission 

using a unit source and NO decay! 
§ Concentration, deposition, and radioactive decay are 

computed in the post-processing step (pgm = con2rem)
§ Cj,k,m = Σ [ Qi,m Dm TCMi,j,k,m ] 
§ And time=i,   species=m,   decay=D,   TCM=dilution,            

sampler location=k,   sampling time=j



Dose Calculations from Fukushima

§ In post processing step each 
radionuclide in activity file is 
assigned a surrogate species

§ Total air and ground dose computed
§ REM (1) or Sieverts (0.01 or 10 mSv)

§ Activity file can be modified for each 
phase of the accident 

§ No limit to the number of 
radionuclides assigned 

§ 3D particle near source results are 
sensitive to grid size

Note the dependence of 
deposition to the resolution 
of the precipitation field



16.1 Volcanic Eruptions

Objective is to create a CONTROL file for a vertical line source with 
four different particle sizes, each with different emission rates



16.2 Restarting the Model from PARDUMP
§ Objective is to run two more 12 h 

simulations with different emissions

§ Rename PARDUMP from last 
simulation to PARINIT

§ Reconfigure new emissions to 12 
km for the next run

§ Restart the model with previous 
particles emitted to 6 km

§ Continue for another 12 h emission 
cycle but release to only 6 km 



16.3 Assimilation of Satellite Data
Matching particle positions to observations



16.4 Particle Size Distributions

§ Create NBPTYP number of 
bins for each particle size

§ Bin sizes increase by 
dV/d(log R)

§ CONTROL file sizes should 
be sorted by increasing size



16.5 Creating a complex EMITIMES

§ Configure three 12 h simulations 
into one 36 h simulation

§ Create EMITIMES file for emissions
§ Set emissions to zero in CONTROL



17.1 Dynamic or Lagrangian Sampling
§ Rather than a fixed concentration grid, the model 

can be configured with a sampler that moves 
through the computational domain

§ Dynamic option defines an aircraft which has a 
prescribed height, direction and speed

§ Lagrangian can be considered like a balloon that 
moves passively with the wind at its prescribed 
height

§ Output is written to a special text file

§ No graphics options are available



17.2 Volume or Mass Mixing Ratios
§ Default HYSPLIT output in mass/volume units

§ Many air pollutant measurements are given in volume 
mixing ratios (volume pollutant / volume air)

§ To convert between units requires the pollutant’s molecular 
weight

§ A HYSPLIT shortcut is to divide the output concentration by 
the air density (ichem=6)

§ The resulting output is then mass mixing ratio (mass 
pollutant / mass air)

§ Multiply this result by the ratio of the molecular weight of air 
(29) to that of the pollutant to get the volume mixing ratio



17.3 Short-Range Dispersion Simulations

§ When a time step of less than 1 min is required, a special code section is invoked to linearly 
interpolate the particle positions to the concentration grid

§ Another option is to use puff rather than particle dispersion to reduce artificial diffusion.



17.4 Polar Coordinate Concentration Grid
§ Grid defined in terms of 

distance and angle from the 
source

§ Requires namelist variable:
§ cpack = 3 

§ Grid definition becomes:
§ 1.0 0.1 - angle & spacing
§ 360.0 5.0 - domain & range



17.5 Configuring STILT options in HYSPLIT

STILT MODE ICHEM=8

Mass consistent dispersion IDSP=2
Hanna turbulence equations KBLT=5
Modified Richardson number KMIXD=3
Variable Lagrangian time scale VSCALES=-1.0
Grell convective mixing CAPEMIN=-2.0

Calculates a footprint field [ppm/(micro-mole/m2/s)] to represent the 
flux, where m is the molar mass of air, ρ is the average density below h, 
and h is half the mixed layer depth. The summation represents the 
time that N particles spends in the lower half of the mixed layer.

file:///Users/roland/OneDrive/Tutorial_2020/html/parm_disp.html
file:///Users/roland/OneDrive/Tutorial_2020/html/parm_turb.html
file:///Users/roland/OneDrive/Tutorial_2020/html/parm_mixd.html
file:///Users/roland/OneDrive/Tutorial_2020/html/parm_turb.html

